Diabetic macular oedema (DMO) is a common complication of diabetic retinopathy and may lead to severe visual loss. In this review, we describe the pathophysiology of DMO and review current therapeutic options such as macular laser photocoagulation, anti-vascular endothelial growth factor agents, and steroid implants with a focus on the new fluocinolone acetonide implant, ILUVIEN V R . The results of the Fluocinolone Acetonide in Diabetic Macular Edema (FAME) studies are also presented together with the results of real-world studies to support the clinical use of ILUVIEN V R in achieving efficient resolution of DMO and improving vision and macular anatomy in this challenging group of patients.
Introduction
Diabetic retinopathy (DR), a common vascular complication of diabetes, can become vision-limiting as the severity of disease progresses in 6.5% to 7.0% of patients. [1] [2] [3] Diabetic macular oedema (DMO), a manifestation of DR, is characterised by increased vascular permeability and a breakdown of the blood-retina barrier. This results in the leakage of fluid and other plasma constituents into or surrounding the macula. 3, 4 Approximately 14% to 25% of patients diagnosed with diabetes appear to develop DMO within 10 years of presentation. 5 Clinically significant DMO, which is characterised by retinal thickening and/or hard exudates that are present or evolving within the centre of the macula, is associated with advanced visual impairment and requires urgent treatment. 6 The mechanisms by which hyperglycaemia causes DMO are thought to involve four major biochemical pathways (polyol, advanced glycation end products, protein kinase C, and hexosamine). Oxidative stress and angiogenesis lead to upregulation of inflammatory mediators, contributing to the breakdown of the blood-retinal barrier. 4, 7 Signalling molecules such as insulinlike growth factor-1, platelet-derived growth factor, angiopoietin, and vascular endothelial growth factor (VEGF) play significant roles in microangiopathy. 8 The importance of VEGF in the breakdown of the blood-retinal barrier has led to the introduction of anti-VEGF treatments in DMO; however, their use has revealed that approximately one-third of patients are resistant to intravitreal treatment (including steroid implants). 9, 10 Historically, the gold standard treatment for DMO has been focal/grid laser photocoagulation based on the Early Treatment Diabetic Retinopathy Study (ETDRS). 6 More recently, however, several landmark clinical trials have established anti-VEGF treatment as the first-line therapy in many patients with DMO. 11, 12 Nevertheless, many patients respond poorly to anti-VEGF treatment with transient or incomplete resolution of fluid. 4, 13 According to a recent DRCR.net analysis, approximately 40% of eyes had persistent DMO after 24 weeks of monthly ranibizumab injections. 14 Among these eyes, the rate of chronic persistent DMO was approximately 55% at year 2. 14 Corticosteroid treatment has also been shown to be an effective treatment option because corticosteroids can not only inhibit multiple damaging pathways, including the anti-VEGF pathway, but they can also inhibit chemokines and inflammatory cytokines. 4, 15 The preferred method of treatment for DMO using corticosteroids is placement of sustained-release, low-dose implants in the retina in an attempt to minimalise side effects whilst maximising macular delivery and efficacy. 16 Fluocinolone acetonide (FA) is a corticosteroid available as an intravitreal implant. It is small (3.5 mm in length, 0.37 mm in diameter), non-biodegradable, and designed for injection using a 25-gauge injector via the pars plana into the vitreous cavity. 17 The approved implant (ILUVIEN V R ) contains 0.19 mg of FA that is initially released at 0.25 mg/day (average, 0.2 mg/day), and the implant lasts 36 months. 18 ILUVIEN V R was approved by the National Institute for Health and Care Excellence (NICE) in 2013 as a treatment option for chronic DMO in patients with pseudophakia that is insufficiently responsive to standard therapies. 19 The Fluocinolone Acetonide in Diabetic Macular Edema (FAME) A and B randomised clinical trials showed the clinical effectiveness of ILUVIEN V R up to 36 months. 20 This remains the primary source of evidence for its efficacy; however, new data are starting to emerge from clinical practice. The present report provides an updated review of ILUVIEN V R with a focus on the new data.
Methods
We performed a search of PubMed using the keywords "fluocinolone acetonide" AND ("eye" OR "ocular") and retrieved 199 results. Only 30 of them were studies on DMO; most were focused on uveitis and the RETISERT implant (Bausch þ Lomb, Rochester, NY, USA). We then used the keywords "fluocinolone acetonide" AND "intravitreal" and retrieved 161 articles. Only 2 of them were not present in our first query and were therefore added to the first 30 articles that were retrieved.
Because this is a review article, no ethics committee approval was obtained. No studies or experiments on animals or humans were conducted.
Pharmacodynamics
FA is a medium-potency, synthetic fluorinated glucocorticoid. It is a selective, potent glucocorticoid receptor agonist with no mineralocorticoid activity. 18, 21 Glucocorticoids are well-known antiinflammatory agents, but they also reduce the intravitreal levels of VEGF by cell inhibition and gene inhibition, causing regression of active neovascularisation. 18 The principle method of corticosteroid action is thought to be via the induction of lipocortins particularly phospholipase A2. Most importantly, they inhibit the release of arachidonic acid from the phospholipid membrane, a common precursor for prostaglandins and leukotrienes, which are potent inflammatory cell mediators. 22, 23 FA has been shown to inhibit cell migration; the release of heparin, growth factors, and angiogenic factors; and the secretion of proinflammatory cytokines, which stimulate VEGF production. In early studies of retinal degeneration in rat models, intravitreal FA was shown to reduce the levels of neuroinflammation in the anterior and posterior chambers, preserve retinal electrophysiology and morphology, inhibit cell proliferation, and reduce angiogenesis. 21, 24, 25 Sustained-release FA was associated with suppression of retinal microgliosis compared with high-dose FA. 26 Intravitreal FA was shown to have positive effects in a human retinal pigment epithelial cell line (ARPE-19) by inhibiting VEGF secretion and mRNA expression. In a chick chorioallantoic membrane assay, it was also noted to inhibit tumour necrosis factor a-induced angiogenesis. 27 In phase III trials, FA at 0.2 mg/day improved best-corrected visual acuity (BCVA) and reduced foveal thickness in patients with DMO. As early as 3 weeks, patients who received FA at 0.2 mg/day showed improvement in BCVA of !15 letters (p < 0.05) compared with placebo. 20 This improvement remained significant throughout the remainder of the trial (36 months). 16 Rapid and sustained reductions in foveal thickness (mean retinal central point thickness) were seen in patients who received FA at 0.2 mg/day. The central point thickness was significantly lower (p < 0.05) in the treatment arm than in the placebo are from as early as week 1. This significant difference remained at all measured points through the trial (24 months). 16, 20 An earlier phase II study showed no statistically significant difference between patients receiving FA at 0.2 versus 0.5 mg/day. 15, 21 Pharmacokinetic profile A phase II study assessing the aqueous levels of FA after administration of inserts/implants showed that FA was released into the aqueous humour in a sustained manner for at least 36 months in patients with DMO. 28 The mean aqueous concentration of FA reached its maximum approximately 1 week after administration. The sustained-release method of delivery in the 0.2-mg/day FA implant meant that a steady-state concentration of 0.5 to 1.0 ng/mL was reached by 6 to 9 months and maintained through the remainder of the 36-month trial. Low-and high-dose inserts provide sustained-release delivery of FA for at least 12 months with little variability between the doses. The 0.5-mg/day dose resulted in significantly higher aqueous levels for the first month, but no statistically significant difference was noted after that time. 29 The plasma concentrations of FA remained below the lower limit (100 pg/mL) from day 7 until completion of the trial at 36 months for both the lower-and higher-dose implants. 18 
Approved indications for FA
In the United Kingdom, based on a costbenefit analysis, the guidelines stipulate the use of FA only in pseudophakic eyes with DMO that exhibits a poor response to available therapies. In the rest of Europe, the 0.2-mg/day FA implant is approved for visually impaired patients with chronic DMO that is considered insufficiently responsive to available therapies. In the United States, FA is approved for the treatment of DMO in patients who have had a poor response to corticosteroid therapy. Patients who have been previously treated with a course of corticosteroids without a clinically significant rise in intraocular pressure (IOP) are eligible for treatment.
FAME studies and real-world outcomes

Efficacy
The FAME studies were randomised, double-masked, placebo-controlled, 24-and 36-month phase III trials conducted across the United States, Canada, Europe, and India. Patients with DMO who had undergone prior macular photocoagulation treatment, had a central retinal thickness of >250 mm, and had an ETDRS BCVA of 19 to 68 letters were eligible for the trial. Patients were randomised to receive a low-dose implant (0.2 mg/day; n ¼ 375), high-dose implant (0.5 mg/day; n ¼ 393), or placebo (n ¼ 185), and treatment was only administered to one eye (study eye). 16, 20 Approximately 28% of patients had a visual gain of 15 letters at 24 months versus 16% in the placebo group. These results were similar at 36 months with a need for more than one injection in only 25% of patients. For obvious ethical reasons, patients could benefit from laser or intravitreal injections if required. The need for additional laser treatment or injections was 50% and 100% higher, respectively, in the placebo group. The subgroup analysis highlighted a significant improvement in visual acuity, especially for patients with chronic DMO.
Similar to the FAME trial, real-world studies have assessed the efficacy of ILUVIEN V R by evaluating visual gain or the reduction of macular oedema. Visual gain was noted within the first 3 weeks following administration of the implant 20 and persisted up to 36 months post-implantation. 30, 31 Visual gain in terms of EDTRS letters improved with time. At 1 year, a gain of 6 letters was achieved in most cases, 32 whilst in some studies a visual gain of !15 EDTRS letters was achieved in approximately 18% to 22% of patients; these findings are similar to those of the FAME study (19% and 23% in patients without and with chronic macular oedema). 33, 34 Other studies showed that 25% of patients had a gain of 15 letters. 35 Conversely, a prospective study including 14 clinical sites in the United Kingdom showed that only 20.8% of patients had a visual gain of 15 EDTRS letters at reported in the FAME study (22% and 34% in patients without and with chronic macular oedema). 36 BCVA was found to improve or remain stable in at least 74% of treated eyes. 36, 37 Among patients with visual gain, those with a 15-letter gain might constitute only one-fifth rather than one-quarter or one-third as reported in the FAME study. 36 Some cases of improvement occurred among patients with chronic macular oedema (up to 20 years). 38 Lens opacification may adversely affect visual gain results as described in the FAME study. Real-world studies are confirming this finding. This was particularly highlighted in the prospective RESPOND study, which showed decreased vision compared with baseline by À2.5 letters in the phakic group (versus þ6.8 letters in the aphakic group) at 12 months. 39 However, following cataract extraction surgery, the visual acuity improved from baseline, similar to patients with pseudophakia who have undergone cataract surgery prior to FA injection. 30 A visual gain of three lines was generally achieved in >15% of the patients during the first year of treatment and in >30% during the second and third years. 30 Vitrectomised eyes appeared to have a similar benefit with a visual gain of 15 letters achieved in 37.5% of patients versus 36.8% in the non-vitrectomised eyes group. 40, 41 As previously mentioned, the FAME study included only patients with persistent macular oedema (median of 3 years). A clear benefit was noted for patients who had had macular oedema for more than 3 years. Correspondingly, real-world studies highlighted that patients with acute macular oedema failed to show a clear benefit from treatment with ILUVIEN V R . 31 Interestingly, the visual acuity might have been even worse than that in the placebo group. 31 Because many cytokines are involved, VEGF is no longer considered the primary factor during the chronic phase of macular oedema. 42 Reduction in macular thickness was observed as soon as 7 days postimplantation and maintained for up to 3 years post-injection with a 20% to 30% decrease in macular oedema on average. 32, 36, 39 Greater oedema (>400 mm) is associated with higher efficacy of the implant, with a reduction in thickness of up to 50% in 21% of treated eyes. 43 Some studies showed significantly greater results, with a reduction from 960 to 246 mm within 3 months. 44 The correlation between decreased macular thickness and improved visual acuity is controversial; in some studies, visual improvement was more limited than anatomical improvement. This is likely due to factors other than the macular thickness that affect vision in patients with diabetes, such as ischaemia, the duration of DMO, or structural changes. 43, 45 Aside from the measured effects on DMO, the FA implant (0.2 or 0.5 mcg/day) could also delay or reduce the rate of progression to proliferative DR. This effect was robust and maintained up to 18 months with a reduction in the severity of the DR. 46 Most studies treated only one eye at a time, allowing inter-ocular comparison with the same diabetic background. A significant difference was noted between treated and untreated eyes. A gain of !15 EDTRS letters was achieved in 18% of treated eyes and only 4% of untreated eyes. These functional results were supported by a significant decrease in macular oedema on optical coherence tomography (À113 vs. À13 mm). 47 ILUVIEN V R has been shown to be effective in real-world studies in terms of improving patient vision for up to 3 years; however, practitioners should bear in mind that more than one injection or additional treatment with anti-VEGF or steroid injections is usually required. The second ILUVIEN V R injection is generally administered at 12 months. 32 In the FAME studies, 65.5% of patients in the low-dose group and 63.2% in the high-dose group required additional treatment. 16 In the MEDISOFT study, 6.4% of eyes required additional macular laser treatment, 1.2% required bevacizumab, 13.6% required aflibercept, 17.7% required ranibizumab, 2.3% required intravitreal dexamethasone, 2.3% required intravitreal triamcinolone, and 0.53% required another FA implant within a 2-year followup period. 36 In a recent report by Fusi-Rubiano et al., 32 34 .5% of the eyes required supplementary treatment by 12 months, 60.0% by 24 months, and 83.3% by 36 months. Nevertheless, ILUVIEN V R remains an affordable therapeutic option for persistent DMO. [48] [49] [50] 
Safety
The most significant concerns in the literature are ocular hypertension and cataractogenesis. Interestingly, despite intravitreal injection of steroids, which are known to be immunosuppressive in already compromised patients (those with diabetes), only a handful of reported cases of endophthalmitis have been published in real-world studies to date. 35 During the FAME trial, four cases of endophthalmitis occurred, among which two were considered secondary to ILUVIEN V R injection (days 13 and 16 post-injection). 36 Care should be taken if the patient has a history of herpetic or viral eye disease because induced immunosuppression might lead to a higher recurrence rate.
Ocular hypertension is one of the most common adverse events associated with the use of intraocular steroids. Up to 13% of patients might have an IOP of >30 mmHg 36 (range of occurrence, 7%-50%). 32, 37, 49 No ocular hypertension was present in the fellow untreated eye when specifically assessed. 47 In the FAME study, IOP increased in 37.1% of patients who received the 0.2-mg/day FA implant (n ¼ 375) and in 11.9% of those who received placebo (n ¼ 185). A >30-mmHg rise in IOP was more frequent in patients who received the 0.2-mg/day FA implant (p < 0.001) than in those who received placebo in the overall population and in those without prior ocular corticosteroid exposure. 16, 20 A post-hoc analysis showed that glaucomatous optic nerve changes were not dissimilar between the patients in the two arms of the trial. 51 A recent multicentre study from three European countries (United Kingdom, Germany, and Portugal) published by the IRISS group confirmed the results of the FAME study: about 23% of patients required IOPlowering medication without clinically significant changes in the cup-to-disc ratio (CDR). 52 However, a small percentage of patients in IRISS (5.2%) had a baseline IOP of >21 mmHg, which was an exclusion criterion in the FAME trials.
The need for glaucoma drops varied from 0% to 15%, with some larger series having an even higher rate. 33, 36, 49, 52 These higher rates are more in accordance with the FAME study, in which 26% of patients required glaucoma drops. A need for glaucoma surgery despite appropriate topical treatment was seen in up to 14.3% of cases. 49 Careful patient selection remains critical to avoid complications related to ocular hypertension.
Intraocular hypertension in vitrectomised eyes was assessed by Meireles et al. 41 in a retrospective study of 26 eyes with a mean follow-up of 255 days. A mean IOP change of 1.4 mmHg was found between baseline and the last visit (range, À9.0 to þ8.0 mmHg), with eight eyes (30.7%) initiating or continuing anti-glaucoma drops. Pessoa et al. 40 performed a retrospective study of 43 eyes (24 vitrectomised and 19 non-vitrectomised eyes) with a mean follow-up of 8.5 months and reported no significant difference in the IOP changes between the two groups; however, vitrectomised eyes exhibited a higher mean IOP elevation (1.6 vs. 0.8 mmHg).
Use of the FA implant is contraindicated in the presence of pre-existing glaucoma, 53 and it is not approved for use in steroid responders in the United States. Safety could be improved by introducing a steroid provocation test. Whilst such a test could not absolutely predict the absence of ocular hypertension, it would highlight patients who may require surgical intervention so that they could be excluded from the treatment. 54 In the FAME study, 6.1% of steroid-naı¨ve patients required IOPlowering surgery (n ¼ 18), highlighting the importance of knowing whether patients have a strong IOP response to corticosteroid therapy. 54 No increase in the CDR was detected with a 0.2-mg/day dose after 36 months, whereas the CDR increased by 0.1 in the 0.5-mg/day group. 51 Therefore, a 0.2-mg/day dose is the implant used worldwide, but careful long-term follow-up focusing on IOP is required.
Another important issue is the occurrence of cataract, a well-known adverse effect of intraocular corticosteroids. Cataracts usually developed during the first year of treatment and in almost all of treated patients after 3 years of follow-up. 30 The cataract surgery rate was 46% and 55% in patients with and without chronic macular oedema, respectively, whereas it was 21% and 11% in the matched placebo group. 31 At the 36-month follow-up in the FAME study, among patients who were phakic at baseline, cataracts developed in 81.7% of those who received the 0.2-mg/day implant (n ¼ 235) and 50.4% of those who received placebo (n ¼ 121). 16, 20 A higher percentage of patients developed cataracts in the treatment arm; however, the visual outcome following extraction was similar if not better than that in patients with pseudophakia at baseline 16, 20, 30 These results demonstrate that patients with chronic DMO are more likely to gain a !15-letter improvement than those without DMO following cataract extraction. 16, 20 As with all intravitreal injections, adverse events may occur even if they are not currently reported in the literature. Such adverse events include vitreous haemorrhage, transient ocular hypertension, and retinal tears or detachment. 35 The presence of the implant inside the eye may also cause problems in patients who undergo vitreo-retinal surgery because it might dislodge into the infusion cannula and cause globe pressurisation difficulties during surgery; 55 alternatively, it might migrate to the anterior chamber. 56 ILUVIEN V R is associated with a nonnegligible rate of adverse events; therefore, the benefit-risk ratio should be clearly taken into account, even if some studies advocate safe bilateral use. [57] [58] [59] A summary of the most important studies involving this implant is depicted in Table 1 .
Cost-effectiveness
DMO is a sight-threatening condition that can lead to blindness with significant financial impact. In the United Kingdom alone, the annual cost of blindness is more than GBP 5 billion. 60 In a recent study conducted in the National Health Service in England, Quhill and Beiderbeck 50 analysed the 3-year cost of treating chronic DMO with either a single FA implant or with 14 ranibizumab injections in both phakic and pseudophakic eyes. The research model included the costs of drugs or drug administration, monitoring patients, additional interventions required, and management of adverse events. 50 The authors reported that use of the implant resulted in a total 3-year cost saving of GBP 6068 per In a recent systematic literature review, a short-term cost-cost model was used with a 3-year time horizon to compare ranibizumab, aflibercept, an FA implant, and a dexamethasone implant (Ozurdex V R ) for the treatment of insufficiently anti-VEGF responding foveas in patients with DMO in Germany. 48 The model considered drug costs as the predominant cost component, followed by injections and optical coherence tomography costs. The total costs were EUR 17,542 for ranibizumab, EUR 15,896 for aflibercept, EUR 10,826 for the FA implant, and EUR 12,365 for the dexamethasone implant, suggesting that a single injection of FA implant is the most costeffective (in-label) therapeutic option.
Conclusion
The FAME studies showed the efficacy of FA implants for chronic DMO that is resistant to conventional treatment. Following these trials, ILUVIEN V R was approved by respective authorities in many countries for the treatment of chronic DMO.
Anti-VEGF agents remain the first-line treatment for this group of patients; however, the FA implant has mainly been reserved for patients with persistent or recurrent DMO despite previous multiple anti-VEGF injections. Real-world studies support the clinical use of the FA implant in achieving resolution of persistent DMO and improving vision whilst simultaneously reducing the frequency of injections and hospital visits. However, most of these studies are retrospective and have either a small number of patients or a short follow-up period. Another important question that needs to be answered is the long-term efficacy of the implant and the need for supplementary treatment because we do not have enough data to make safe conclusions regarding the number of additional injections/laser sessions required, the timing of supplementary treatment initiation, and the efficiency of the FA after a 3-year period. Moreover, the efficacy of the FA implant in different ethnic populations is worthy of study because it is already documented that sight-threatening DR is significantly more prevalent in African-Caribbeans and South Asians than in white Europeans. 62 A recent report revealed the efficacy of the FA implant in a patient with persistent non-infectious uveitis with macular oedema. 63 Further studies are necessary to assess the long-term safety and efficacy of ILUVIEN V R in patients with chronic noninfectious intraocular inflammation or macular oedema in relation to other conditions such as retinal vein occlusion.
